We describe
The rotting stems of columnar cacti and cladodes of Opuntia species have been shown to be specific habitats for a diversity of cactus-specific yeast species (1,2, 15,18; Phaff and Starmer, in A. H. Rose and J. S. Harrison, ed., The Yeasts, 2nd ed., in press). Some of these species are diploid and homothallic; i.e., single spores give rise to sporulating diploid cultures. Two examples are Pichia cactophila (16) , which has been found in all cactus species examined thus far, and Pichia deserticola (lo), which is limited to Opuntia species in southwestern United States desert areas. Other species are heterothallic, and their spores give rise to haploid clones. Of these, Pichiu heedii (9) has been isolated in the diploid form and is limited in its habitat to two columnar cactus species, senita and saguaro. Pichia antillensis (19) is also heterothallic but has been isolated both as haploid and diploid cells. Haploid clones of opposite mating types conjugate and form diploid sporulating cells. Both haploid and diploid cells occur together, principally in necrotic tissue of the columnar cactus Cephalocereus royenii in the West Indies. A closely related species also occurring in the haploid and diploid states is Pichia opuntiae (5, 16), which thus far has been found only in Opuntia species in Australia (1, 2). Pichia rnexicana (8) is a relatively rare species that is heterothallic and has been found only in the haploid condition, mainly in rots of the organ pipe cactus (Stenocereus thurberi) and in agria (Stenocereus gummosus) in Mexico. In this paper we describe a second cactus-specific heterothallic yeast that occurs in nature exclusively in the haploid condition. This new species is a member of the yeast genus Clavispora Rodrigues de Miranda, and its principal habitat is the rotting cladodes and stems of various Opuntiu species in Australia, North and South America, Hawaii, and Spain. We name this new species Clavispora opuntiae based on its almost exclusive habitat in necrotic tissue of Opuntia cacti.
* Corresponding author.
MATERIALS AND METHODS
Samples of necrotic cladode tissue were collected in four major sets and one minor set between October 1976 and May 1979 in New South Wales and Queensland, Australia, from four species of Opuntia (Table 1 ). The methods used for collecting the samples, the map localities of the cacti investigated, and the methods used for isolation of the yeast species present in the rots have been described in detail by Barker et (15) . These authors also described the sampling procedure and yeast isolation technique. In May 1982 and November 1983 detailed surveys were made of cactusassociated yeasts on a number of islands in the Caribbean Sea (Phaff and Starmer, unpublished data). Small exploratory surveys of Opuntia and other cactus species were also made in northern Venezuela, the island of Hawaii, Mexico, and Spain. On isolation plates of acidified yeast extract-malt extract agar (pH 3.8) (Difco Laboratories, Detroit, Mich.) the colonies of the new species always were large, glossy, smooth, and umbonate and usually had a short pseudomycelial fringe.
The usual phenotypic characterization of the isolates was carried out by methods currently used in yeast taxonomy (22, 23) , but additional carbon compounds used in assimilation tests were also employed. These included aglucosamine hydrochloride, N-acetyl-D-glucosamine, hexadecane, methanol, 2-propanol, acetone, and ethyl acetate; the last three compounds could be tested only by incorporating them at concentrations of 1.0% in yeast nitrogen base agar because in liquid yeast nitrogen base media they proved to be inhibitory, even in those cases where good growth occurred on solid media. All of the strains were initially identified by their characteristic phenotypic profile, which South Wales collection  77-127, 77-170, 77-171B, 77-175, 77-176B, 77-179B, 77-180A,  77-182, 77-183, 77-184A, 77-185, 77-186A, 77-187A, 77-188, 77-189, 77-190, 77-192B, 77-193A, 77-199A, 77-200B,  77-210, 77-213, 77-222A, 77-224C, 77-225B, 77-226, 77-227, 77-263, 77-266, 77-267, 77-268A, 77-269, 77-270A, 77-273B, 77-274A, 77-276, 77-277, 77-278, 77-279T  77-195A, 77-196A, 77-197A, 77- Guadalajara, Jalisco Guadalajara, Jalisco Guadalajara, Jalisco Guadalajara, Jalisco Nahuapa, Jalisco Nahuapa, Jalisco Novojoa, Sonora showed very little variation. Later, all haploid strains of the new species that were still available were also analyzed for mating types (Table 1) .
Deoxyribonucleic acid (DNA) extraction and purification were carried out by the methods described by Price et al.
(ll), except that purified DNA was concentrated by electrophoresis in a concentrator (ISCO, Lincoln, Nebr.) and the reference DNA was labeled with 1251 as described by Holzschu et al. (6). Denaturation of DNA, incubation for reassociation, analysis of the renaturation kinetics, and reannealing reactions, and quantitation of single-and double-stranded DNAs were carried out according to the protocol of Price et al. (11) . Samples were counted with a Nuclear-Chicago model 1185 gamma ray counter (90% efficiency).
The guanine-plus-cytosine (G+ C) contents of the nuclear DNAs were calculated from buoyant density values in cesium chloride gradients established in a Spinco model E analytical ultracentrifuge equipped with photographic optics (14, 20) and were based on three separate determinations. DNA from Micrococcus luteus strain 2039 (International Collection of Phytopathogenic Bacteria, Department of Bacteriology, University of California, Davis), with a buoyant density of 1.7310 g/ml, was used a3 a reference. The buoyant density of the M . luteus DNA was derived from a comparison with plasmid-free Escherichia coli K-12 DNA, the buoyant density of which was taken to be 1.7100 g/ml. The G+C contents of representative strains of Clavispora opuntiae and other species used in DNA-DNA reannealing studies are shown in Table 2 .
RESULTS
During an investigation of the yeast flora associated with necrotic Opuntia spp. tissue in Australia (1, 2), many species of cactus-specific yeasts previously known from columnar cacti in Mexico and the southwestern United States (18) were found in these Opuntia species as well. During the 1976,1977,1978, and 1979 surveys in New South Wales and Queensland (1) many strains of a commonly occurring member of the Opuntia yeast community were isolated; this organism often represented 50% or more of the yeast population in a rot sample. Its colonies on the isolation medium could be recognized rather easily because of their large relative size, their glossy smooth surfaces, their umbonate shape, and the frequent presence of pseudohyphal outgrowths at their peripheries. The physiological properties of this organism (see description below) determined during identification procedures showed only a minimal degree of variation and revealed that the isolates were able to ferment a number of sugars and to assimilate a rather large array of carbon compounds. Sporulation in the strains isolated in the 1976 survey (1, 2) in New South Wales ( Average f standard deviation from three or more buoyant density determinations.
Queensland (Table l) , and these strains, which showed remarkable consistency in physiological properties, were initially considered atypical strains of the asporogenous species Candida viswanathii, Candida maltosa , or Candida tenuis or haploid strains of the heterothallic species Pichia mexicana or Pichia ohmeri, all of which showed a significant degree of physiological similarity with the strains isolated from Opuntia spp. Candida maltosa, which exhibits the most similar physiological profile, has a G+C content that is almost 7 mol% lower (Table 2 ) and thus virtually precludes conspecificity' (7, 11). Clavispora lusitaniae also resembles the Opuntia strains, but its G+C content is 1.5 to 2.0 mol% higher and it differs by its ability to assimilate L-rhamnose as a sole carbon source and L-lysine as a sole source of nitrogen. The G + C contents of the other species are close to those of the Opuntia strains. To establish possible relatedness between the Opuntia strains and these other species, a DNA hybridization experiment was designed (Table 3) . The results clearly showed that there is no significant DNA relatedness between the Opuntia strains and several phenotypically similar species, whereas a number of the Opuntia strains exhibit a high level of DNA relatedness and have almost identical G+C contents (Table 2) . It was not until the November 1978 collection in Queensland that five strains from Borallon were tested for mating ability by mass mixing with other strains and zygote formation and ascosporulation were observed for the first time. We describe the strains from Opuntia necroses as a new species below. Latin diagnosis of Clavispora opuntiue sp. nov. In extract0 malti post dies 3 cellulae singulae aut aliquando dispositae in racemis, plerumque spheroidales-ellipsoidales, 1.45.4 X 2.7-16.2 pm; sedimentum et anulus formantur. Post dies 21 pelliculae formantur.
Cultura in agaro malti post 1 mensum (22°C) cremea, reticulata, glabra, et nitida, elevata; margo pilosa.
In agaro farinae Zea mays post dies 14 pseudohyphae copiosae; blastosporae abundantes; hyphae verae non formantur . Species heterothallica, haploidea. Orientur asci ex conjugatione inter cellulas sexus contrarii in agaro malti post horas 24. Post horas 30-36 angustae oblongae vel clavatae (1.42.0 x 2.8-4.0 pm) ascosporae formantur ad 2 in quoque asco; asci rumpunter celeriter.
Glucosum, galactosum, maltosum, saccharum, cellobiosum, et trehalosum fermentantur.
Glucosum, galactosum, L-sorbosum (lente), maltosum, saccharum, cellobiosum, trehalosum, melezitosum, D-XYIOsum, ethanolum, glycerolum, ribitolum (lente), D-mannitolum, D-glUCitOhn, salicinum, 2-ketogluconatum, Dgluconatum (lente), acidum DL-lacticum (interdum exigue), acidum succinicum, acidum citricum, N-acetylglucosaminum, et hexadecanum assimilantur at non lactosum, melibiosum, raffinosum, inulinum, amylum solubile, Larabinosum, D-arabinosum, D-ribosum, L-rhamnosum, eryt hritolum, galactitolum, met h yl-alp ha-D-glucosidum, 5-ketogluconatum, D-glucosaminum, inositolum, methanolum, acetonum, 2-propanolum, nec ethylacetas.
Ethylaminum et cadaverinum assimilantur; kalium nitricum, natrium nitrosum, et lysinum non assimilantur.
Ad crescentiam biotinum et thiaminum necessariae sunt. Augmentum copiosum in 3YC, plerumque in 42"C, raro in G+C acidi deoxyribonucleati = 43.0-44.1 mol% (11 Habitatio in cacto generis Opuntia. Typus stirps UCD-FST 77-279 ex tabidosus sacculis cacti Opuntia stricta isolata est.
In collectione zymotica Centraalbureau voor Schimmelcultures, Delft, The Netherlands, sub no. CBS 7068T deposita est.
Standard description of Clavispura opuntiae. In malt extract after 3 days at 25°C the cells are single, in pairs, or in clusters, vary from spheroidal to ellipsoidal or elongate, and measure 1.4 to 5.4 by 2.7 to 16.2 pm; a moderate amount of sediment and an irregular pellicle are formed. After 21 days, there is a heavy irregular pellicle which may fall to the bottom of the container, producing a heavy sediment.
On malt agar after 1 month at 22°C streak cultures are cream colored, butyrous, dull, reticulate, and raised in the center with an extensive radiating pseudomycelium; the border is lacerate.
In Dalmau plate cultures on corn meal agar after 2 weeks pseudomycelium is abundant and well developed (Fig. 1B) in both aerobic and anaerobic areas; true mycelium is not produced.
The vegetative cells are haploid and heterothallic. Upon mixing of compatible strains, conjugation and zygote formation occur within 24 h ( Fig. 2A and B) . Usually two (rarely one) clavate to elongate spores with a finely warty surface (visible only by electron microscopy) are formed within 6 to 12 h after conjugation (Fig. 1A and 2C and D) . The asci rupture early, releasing the spores (Fig. 2E and F) ; the two spores from an ascus usually lie side by side and appear to be connected by a substance of unknown composition (Fig. 1A  and 2G) . One of the two spores is often smaller than the other (Fig. 2C) . The spores swell and germinate soon after their release, initiating a new cycle of conjugation and sporulation. After 5 to 6 days, clumps of ascospores may be observed (Fig. 2F and G) ; 1 or 2% malt extract agar is the most suitable sporulation medium.
Glucose, galactose, maltose, sucrose, cellobiose, and trehalose are fermented The nitrogen compounds ethylamine, ammonium sulfate, and cadaverine are assimilated. Potassium nitrate, sodium nitrite, and lysine are not assimilated.
Growth in vitamin-free medium is negative. Thiamine and biotin are required for growth.
Growth in amino acid-free medium is positive. Growth on 50% (wt/wt) glucose-yeast extract agar is negative.
Growth on glucose-yeast extract agar containing 5% NaCl is positive; growth on the same medium containing 7.5% NaCl is latent or weak; and growth in the presence of 10% NaCl is latent, weak, or negative.
Maximum temperature for growth, 42°C (rarely 45°C). Acid formation on chalk agar is very weak. Hydrolysis of urea is negative. Gelatin liquefaction is weak, latent, or negative. 
INT. J. SYST. BACTERIOL.
Casein hydrolysis is negative. Lipolytic activity is positive. Growth in the presence of 1 pg of cycloheximide per ml is positive or weak; growth in the presence of 10 pg of cycloheximide per ml is negative.
The coenzyme Q system is Q-8. The G+C content range for the nuclear DNAs of 11 strains is 43.0 to 44.1 mol% (Table 2 ) (average, 43.5 mol%; standard deviation, 0.4 mol%). The G+C content of the type strain is 43.2 2 0.2 mol%.
Clavispora opuntiae is found in high numbers in rots of a number of Opuntia spp. in Australia, northern Venezuela, Hawaii, Spain, Arizona, and Texas and on various Caribbean islands. More rarely it occurs in necrotic tissue of Stenocereus spp. (Table 1) .
Clavispora opuntiae type strain UCD-FST 77-279 was isolated from a rotting cladode of Opuntia stricta at Yarrawonga, New South Wales, Australia. The complementary mating strain, strain UCD-FST 78-540A, was isolated at Borallon, Queensland, Australia, also from a rot of 0. stricta. Strains UCD-FST 77-279T (T = type strain) and UCD-FST 78-540A have been deposited in the Yeast Division of the Centraalbureau voor Schimmelcultures in Delft, The Netherlands, as strains CBS 706ST and CBS 7069, respectively, and in the American Type Culture Collection, Rockville, Md., as strains ATCC 42172T and 42173, respectively.
The specific epithet refers to the common association of the organism with species of the cactus genus Opuntia.
DISCUSSION
Clavispora opuntiae is a cosmopolitan species found in rotting cladodes of many species of Opuntia. On rare occasions it has been isolated from necrotic tissue of columnar cacti (Table l) , where it may have been introduced from neighboring opuntias by insect transmission. The new yeast is heterothallic but occurs in nature only in the haploid state and the distribution of its mating types in rotting Opuntia tissue is interesting. The ratio of 150 h+ strains to 5 hstrains in Australia is unusual, as mating types of other yeast species are usually more or less evenly distributed in their natural habitats.
It is particularly noteworthy that the five h-strains were all isolated in one small area of Queensland (Borallon). Subsequent investigations of cactus-inhabitating yeasts in other parts of the world showed that in most areas the two mating types coexist, occasionally in the same host plant (Table 1) . We have no explanation for the unusual distribution of mating types in Australia. For the start of the prickly pear eradication program (ca. 1920 to 1930) infested plants containing the destructive Cactoblastis moth and other insects parasitic on cactus, such as cochineal (Dactilopius opuntiae), were shipped to Australia from both Argentina and various areas in the southern United States (4). Since our study has shown that in the latter area both mating types occur together, it is possible that the Borallon infestation may have started with North American material. The principal Cactoblastis-containing material appears to have come from Argentina (4). We have not sampled cactus rots in that country, but if the h+ mating type predominates there (as it seems to do in Haiti, the Dominican Republic, and the island of Montserrat), it could explain the widespread occurrence of the h+ mating type in Australia.
When sporulation was first observed in our Opuntia isolates, the genus Clavispora had not been described, and the new strains from cactus were initially thought to represent a second species in the monotypic genus Lodderomyces van der Walt (21). However, there were important differences between Lodderomyces and a genus able to accommodate the cactus strains. The ascospores in Lodderomyces are large, oblong with obtuse ends, fusiform to allantoid, glabrous, and not liberated from the ascus (21) . The ascospores of the cactus yeasts are small, are clavate with warty surfaces (as observed by electron microscopy), and are rapidly released from the asci. The projections or warts appear to be formed in the outermost layer of the spore wall (Fig. 1A) . The coenzyme Q system in Lodderomyces is Q-9 (25), whereas the coenzyme Q system in the cactus isolates is Q-8. Lodderomyces elongisporus is resistant to 100 kg of cycloheximide per ml, whereas the cactus strains do not tolerate more than approximately 1 pg of cycloheximide per ml. While the Australian cactus yeast survey was still in progress, Rodrigues de Miranda published a description of a new genus, Clavispora, to accommodate the sexual state of Candida lusitaniae (12). The coenzyme Q system of Clavispora lusitaniae (anamorph, Candida lusitaniae) is Q-8. After conjugation between compatible mating types, the clavate, warty spores are rapidly released from the asci. Clavispora lusitaniae is susceptible to 100 kg of cycloheximide per ml. Thus, the isolates from cacti fit well in the genus Clavispora (13). The complete lack of a mating reaction between the mating types of Clavispora lusitaniae and the mating types of Clavispora opuntiae provides further evidence for the status of these organisms as distinct species.
Clavispora opuntiae and P . mexicana are unusual among the ascomycetous cactophilic species in that they utilize a rather large array of carbon substrates, including Nacetylglucosamine (but not glucosamine) and hexadecane. Both species ferment glucose vigorously, and Clavispora opuntiae also ferments several additional sugars. Because of this versatility these species may have a competitive advantage in the yeast communities of their host plants, Opuntia species for Clavispora opuntiae and columnar cacti, mainly belonging to the genus Stenocereus, for P. mexicana (8). In the rot samples from Australian opuntias, Clavispora opuntiae frequently constituted 40 to 90% of the total colonies on isolation media, based on its characteristic colony morphology. The ability of Clavispora opuntiae to utilize hexadecane for growth is surprising in view of its coenzyme Q-8 system. On the basis of coenzyme Q systems in yeasts described by Yamada and Kondo (2628), Bos and de Bruyn (3) reported that all hydrocarbon-assimilating species which they tested contained the Q-9 system, and thus Clavispora opuntiae is an exception to this rule. Another difference is the inability of Clavispora opuntiae to utilize lysine as a nitrogen source. Bos and de Bruyn (3) concluded an the basis of lysine assimilation data from Walters and Thiselton (24) that all hydrocarbon-assimilating yeasts could grow on lysine as a sole source of nitrogen.
